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Deep Inelastic Scattering Kinematics
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DIS, Parton Model and Lightcone Coordinates



QCD Factorization for Deep Inelastic Scattering

Lepton tensor

Hadronic tensor         :

contains information about 

hadronic structure

perturbation QCD and 

non-perturbative

parton distribution

First analysis of DIS does not require any knowledge about QCD

EW 

vertices
photon

propagator

phase space

scat. leptons 2
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QCD Factorization for DIS towards parton model

Hadroinc Tensor: symmetries (parity, Lorentz), 

hermiticity                      & current conservation

structure

function

Factorization: separating short distance (perturbative) 

process from long distance (non-perturbative) process by 

a chosen scale parton distribution

function
computable

QCD coefficient

proton

long

distance short

distance
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QCD Factorization: Perturbative QCD

The general structure of the calculatable coefficient     

the    corrections looks like: renormalization 

scale

L.O. N.L.O.quark parts

Large logarithms

from collinear emissions

finite pieces

independent of

    : Splitting Function

probability that a parton j splits collinearly

into a parton i carrying a momentum fraction x
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QCD Factorization: Parton Distribution Function to All αs

Orders

The physical structure function is 

independent of 

Both pdf's and the short distance 

coefficients depend on 
Short-distance

Wilson coefficient

The choice of  : shifting terms between long- and 

short- distance parts

Redefining non-perturbative and perturbative physics!
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Parton Distribution Function to All αs Orders

In full glory (including gluons)

the DGLAP eqs. read

calculable in pQCD

In real world, we measure cross-section (   ) in 

experiment, calculate      in perturbative QCD, running 

RGE to sum up all       in      and extract a precise 

parton distribution function
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End-point Region x → 1 in Parton Distribution Function

Review the scales in D.I.S. process

exclusive process:

       is strong enough to confine

all partons together to hadrons

                        eg. excited proton

                             resonance region

inclusive process:      can be 

computed as operator product 

expansion in pQCD

end-point region semi-inclusive process

Q is not large enough to struck parton out of 

proton,         the interaction between partons 

can not be ignored

x~0.8        10 GeV

x~0.5        for LHC

Ou Zhang University of Arizona Extracting Parton Distribution Function from Deep Inelastic Scattering



Analyzing Non-perturbative Effects at Endpoint Region

x → 1

proton

short-distance

long-distance

initial states soft gluon emission
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Calling for effective field theories to describe non-perturbative effects -- 
SCET
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Soft Collinear Effective Theory I and II
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Deep Inelastic Scattering Factorization in SCET

A.V.Manohar, Phys.Rev.D68.11401912003

ouzhang
Line



Ou Zhang University of Arizona Rapidity Divergences and Endpoint Region Deep Inelastic Scattering

DIS Factorization: Matching QCD onto SCETI
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Decoupling Soft & Collinear Modes in SCET
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DIS Factorization: Matching SCET  onto SCETI II
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DIS Scattering Factorization Matching SCETI to SCETII
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Collinear Function: Feynman Rules & Tree Level Result
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Collinear Function: No Real Emission at 
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Rapidity Regulator v.s. Delta Regulator
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Collinear Function and Rapidity Regulator
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Rapidity Regulator and Virtual Soft Function
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Rapidity Regulator and Real Soft Function
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Renormalization Consistency Condition
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Renormalization Consistency Condition
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Double Running in Infrared Scale & Rapidity Scale
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Double Running in Infrared Scale & Rapidity Scale
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Collinear Function with Delta Regulator
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Soft Function with Delta Regulator
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Renormalization with Delta Regulator at Endpoint Region
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A suggestion to a New Definition of PDF?
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Summary & Future Project
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